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Tetra-0-acetyl-D-glucopyranoses are useful mtermedrates m the syntheses 
of glycosyl-D-glucoses The #I-D tetra-acetate IS usually preferred for Koemgs-Knorr 
syntheses because the resulting /3-~ peracetates usually crystalhze more readrly than 
the CC-D anomers’-5 

Of the known tetra- 0-acetyl-D-glucopyranoses, 1,2,4,6-tetra- 0-acetyl-/3-D- 
glucopyranose (1) 1s the least accessrble It 1s obtained6 by benzylatton of 1,2 5,6-dr- 
0-rsopropyhdene-ar-D-glucofuranose (2), followed by acrd hydrolyses and acetylatron, 
and hydrogenolysrs of the resultmg 1,2,4,6-tetra-0-acetyl-3-O-benzyl-&D-glucopyra- 
nose (5) The overall yreld of 1 from 2 was 13 7%, the lowest-yreldmg stage’ (48 3%) 
bemg 2~3 The optmusatron of each step 1s now reported 

CH,OAc 

R” o@ M’zcq&o Ho&oH 

OAc O-&e, OH 

1 R= OAc, R= R=H,RI=Ac ZR=H 
5 R = OAc R’=H R”=CH, Ph,R”=Ac 3 R= CH,Ph 

6 R=R’=H,R=OAc R%Ac 
7 R=OAc,R=d=H R=Ac 

4 

T 1 c revealed that benzylatron of 2 was mcomplete by the method of Freuden- 
berg et al 7, or modrficatrons thereof**‘, whereas the reactron occurred quantttatrvely 
wrthm 30 mm when the method of ZemplCn et al lo, as apphed to 2 by Adams and 
co-workers 11, was employed On hydrolyses of 3 by Freudenberg’s method7 11, 
raprd hydrolysis of the 5,6-O-rsopropyhdene group occurred but removal of the more 
stable 1,2-0-rsopropyhdene group was mcomplete The prolonged acrd treatment re- 
quired for complete hydrolysis caused partml degradatron of the product 4 (t 1 c ) 
Hence, a two-stage hydrolysis was used which gave >75% overall yields of 4 (cf 
50.6%, ref. 11) 

By slight modrlicatron of the condrtrons6 for the acetylatron of 4, the reactron 
time was reduced from 48 h to 15 mm, with retention of a hrgh yreld of acetate 5. 
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The hydrogenolysls stage 5-l proceeded efficiently m acetone solutlon, from 
which 1 could be recovered more convemently than from acetic acld6 Slmllarly, 
the non-crystallme 1,2,4,6-tetra- 0-acetyl3-0-benzyl-a-D-glucopyranose (formed 

m -20% yield on acetylatlon of 4) gave crystalhne 1,2,4,6-tetra-O-acetyl-a-D- 
glucopyranose (6), hltherto unknown 

The optlmlsed synthesis gave a 55 5% overall yield of 1 from 2, and was con- 
slderably less time-consummg than the orlgmal procedure 

Attempts to prepare 3- 0-glycosyl-D-glucoses by condensmg 2 with acetylated 
glycosyl hahdes, under the condltlons of Helfench and Zn-ner’, resulted m acetal 
mlgratlon and formatlon mamly of 6-0-(0-acetylglycosyl)-1,2 3,5-dl-O-lsopropyhd- 
ene-r-D-glucofuranoses l2 Other attempts to glycosylate 2 under Koerngs-Knorr con- 
dltlons13-‘5 and by the orthoester method16 have ylelded slmdar results, although a 
successful synthesis of lammanblose by a modified orthoester method has been 
reported recently16 

Previously, 1,2,3,6-tetra-O-acetyl-j3-D-glucopyranose (7) has been prepared”-’ ’ 
from the 1,2,3,4-tetra-acetate by acetyl mlgratlon, m overall yields of 10--X% 
from D-glucose, with the converslon 1,2,3,4-tetra-acetate47 bemg ~50% efficient l7 
Recently, dlfficultles have also been reported m effectmg the acetyl mlgratlon” 

In a slmphfied preparation of 7, D-glucose was converted quantltatlvely Into 

the 6-0-tntyl denvatlve which was then acetylated Treatment of the resultmg 
1,2,X,4-tetra-O-acetyl-6- O-tntyl-&-D-glucoyranose m sequence with hydrogen bro- 
mlde-acetic acid and mercunc acetate gave 7 2,3,6-Tn-0-acetyl-cc-D-glucopyranosyl 

bromide IS a probable mtermedlate m this reactlon sequence Although the yield 
of 7 IS cntlcally dependent on the hydrogen bromide treatment and careful control 
of the reactlon condlhons 1s necessary, consistent overall yields of 3840% of 7 from 
D-ghCOSe were obtamed 

EXF’ERIhlENTAL 

General - Thm-layer chromatography (t 1 c) was performed on Merck 
fieselgel G, usmg acetone-benzene mixtures, with sulphunc acid as spray reagent 
For preparative t 1 c , glass plates (20 x 30 cm) were used, zones were located with 
u v light (366 nm), and components were eluted with acetone Evaporations were 
carned out under dlmmlshed pressure I r spectra were recorded on a Beckman 
IR9 spectrophotometer by the potassium bromide disc method, band mtensltles are 

mdlcated m, moderate, s, strong, w, weak N m r spectra were measured on a Vanan 
HA-601L spectrometer with chloroform-d as solvent, and tetramethylsdane as 
internal standard Meltmg pomts are uncorrected, and were determmed by the Kofler 

method 
1,2,4,6-Terra-O-acetyl-j?-D-ghcopyranose (1) - A solution of 1,2 5,6-dl-0-lso- 

propyhdene-cc-D-glucofuranoseZ ’ (2, 10 g) m benzyl chlonde (50 ml) was stirred 

vigorously at loo”, and dry, powdered potassium hydroxide (26 g) was added slowly 
After 30 mm, the rruxture was cooled, dduted with water (ZOO ml), and extracted with 
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chloroform (3 x 50 ml) The combmed extracts were washed wrth water and then 
evaporated, and a solutron of the resrdue m a mixture of ethanol (30 ml) and 0 8 M 
hydrochlonc acrd (10 ml) was borled for 15 mm The cooled solutron was neutrahzed 
wrth Amberhte CG-45 (Type I, OH-) resm (20 g) which was washed wrth ethanol 
(500 ml) The combmed solutron and washmgs were evaporated to dryness, and the 
resrdue (10 6 g) was crystalhzed from ethyl acetate (-30 ml) to yreld 3-O-benzyl-o- 
glucose (4,4 53 g), m p 132-134” A solutron of the residue from the mother liquors 
III a mrxture of ethanol (15 ml) and 0 8n1 hydrochloric acid (5 ml) was maintamed at 
55” for 15 h, or untrl t 1 c (acetone-benzene, 3 2) revealed only a trace of residual 
3-0-benzyl-1.2-O-isopropyl~dene-a-r-glucofuranose After neutrahzatron and evapo- 
ration, crystaluzatron of the residue (6 3 g) from ethyl acetate (- 15 ml) afforded 
additional 4 (2 82 g), m p 132-134” Purification of the mother liquor by t 1 c (25 
plates, acetone-benzene, 3 2) gave a further 0 70 g, m-p 131-133”, total yreld 8 05 g 
(77 5%). 

A solution of 4 (8 05 g) in acetrc anhydride (35 ml) and pyndme (35 ml) was 
heated nearly to borlmg, and then left at room temperature for 15 mm The product, 
Isolated in the usual way, was crystalhzed from ethanol to yield 1,2,4,6-tetra-U-acetyl- 
3-U-benzyl-j?-D-ghrcopyranose (5, 9 63 g, 73 7%), m p 105-107” 

Hydrogenolysrs of a sol&on of 5 (9 62 g) m acetone (70 ml) over 10% palla- 
drum-on-carbon (1 5 g), wrth crystalhzatron of the product from drchloromethane- 
ether, gave l(7.43 g, 97 2%) overall yreld from 2,55 5%), m p 126-127” [a];’ - 13 6” 
(c 2 5, chloroform), ht 6 m p 127”, [a];’ - 13 5” (chloroform) 

With toluene-p-sulphonyl chlorrde-pyrrdme, m the usual manner, 1 gave the 
3-toluene-p-sulphonate (97 l%), m p 174-176” (dec , from ethanol), [a];’ + 13 5” 
(c 3 24, tetrachloroethane), lit 6 22 m p 174-176”, [a]b + 13 7” (tetrachloroethane) 

1,2,4,6-Terra-0-aceryl-r-D-glucopy anose (6) - After evaporation of the 
mother hquor from the above crystalhzatron of 5, hydrogenolysrs of a solutron of the 
resrdue (2 g) m methanol (15 ml) over 10% palladrum-on-carbon (0 6 g) afforded a 
product whtch crystallized from drchloromethane-ether to grve 6 (0 78 g, 5 8% overall 
yreld from 2), m p 161-163”, [a]$’ i-87 9” (c 2 89, chloroform), v:ti 3470m, 1755s, 
164Ow, 1437w, 1380m, 1243s, 1155m, 1112w, 1080m, 1042s, 982w, 94Om, 748w, 
7OOw, 608w, 552w, 493w cm- ’ N m r data z 3 70 (doublet, J, z 3 5 Hz, H-l), 4 98 
(triplet, J3 ,4 = J4,5 9 5 Hz, H-4), 5 01 (quartet, J, 2 3 5 Hz, J2 3 10 0 Hz, H-2), 5 87 
(multrplet, H-3, H-5, H-6a, H-6b), 6 87 (broad smglet, HO-3), 7 84,7 88,7 92 (smglets, 
12 protons, mtensrty ratio 1 1 2,4 x OAc) 

Anal. Calc for C,,H200,0 C, 483, H, 57, OAc, 494. Found C, 485, 
E?, 5 7, OAc, 49 2 

Acetylatron of 6 with acetrc anhydrrde-pyndme at 100” gave penta-O-acetyl-a- 
D-glucopyranose (89 5% from ethanol), m p and mtxed m p 112-113” 

Attempts to prepare a crystalhne 3-toluene-p-sulphonate were unsuccessful, 
but with methanesulphonyl chlorrde-pyrrdme, m the usual way, 6 gave the 3-methane- 
sulphonate (90 3% from ethanol), m p 169-170”, [ct]k3 +82 8” (c 3 68, chloroform) 

Anal Calc forC,,H,,O,,S C,423,H,52,S,7 5 Found C,42 l,H,5 l,S,7 6 
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1,2,3,6-Terra-0-acetyl-/3-D-glucopyranose (7) - Anhydrous D-glucose (10 g) 
and trltyl chlonde (16 3 g) were stlrred ulth anhydrous pyrldme (40 ml) at 25” for 2 h 
The mixture was then heated nearly to bodmg and cooled, and addltxonal trltyl 
chlonde (8 g) and pyrldme (20 ml) were added After stirring for a further 2 h, 
when t 1 c (acetone-benzene, 3 2) revealed the formation of 6-O-trityl-D-glucose to be 
complete, ace& anhydride (60 ml) was added, and the solution was heated nearly to 
bollmg and then left at room temperature for 30 mm Conventional lsolatlon by 
chloroform extractIon gave a crude product (40 8 g) which was dissolved III dlchloro- 
methane (30 ml) and treated with a solution of 40% hydrogen bromide m glacial 
acetic acid (70 ml) at 20” After exactly 2 5 mm, and, within 2 mm, the precipitated 
tntyl bromide was collected and washed wth acetIc acid, and the combined filtrate 
and washings were diluted w:th chloroform (150 ml) and extracted with Iced water 

The chloroform solution was washed with saturated, aqueous sodmm hydrogen 
carbonate and water until the washings were neutra1 to litmus, and was then Ntered 
through anhydrous sodmm sulphate and evaporated to dryness at 35”. The residue 
was dissoIved m a solution of mercuric acetate (25 g) m glacial acetic acid (100 ml) 
After 30 mm at room temperature, the solution was diluted with chloroform (250 ml), 
washed with water (4x 100 ml), and evaporated to dryness Crystaihzatlon of the 
residue from benzene (-35 ml) afforded 7 (6 92 g) After fractlonatlon of the mother 
hquor by t I c (30 plates, acetone-benzene, 6 94), an addItiona 0 93 g was obtamed, 
total yield of 7, 7 85 g (40 6%), m p 131-133”, [a]‘,” -32 2” (c 3 07, chloroform), 
ht l7 l8 m p 132-134”, [c&’ -33 0” (chloroform) 

Under conditions which resulted m the quantitative formation of 6-O-tntyl-o- 
gIucose from D-glucose, t I c (acetone-benzene, 1 4) reveaIed that 7 remained unchan- 
ged, even after 24 h However, with toluene-p-sulphonyl chlorrde-pyrldme, m the usual 
manner, 7 gave the Ptoluene-p-sulphonate (88 5% from ether), m p Ill-1 13”, 

C&i - 16 1’ (c 2 64, chloroform), IIt ’ 8 m p 11 l-l 12”, [01]g - 15 9” (chloroform) 
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